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Abstract
Left-eye preference, implicating right hemisphere advantage, is typical for vigilant 
behaviour of many vertebrates. Nevertheless, lateralization of vigilance may be 
manifested in other ways, such as different reactions to the danger viewed with 
the right and left eye. Here, we studied one-side biases in the orientation of white-
fronted geese Anser albifrons feeding in flocks at different distances to the source 
of anthropogenic disturbance (a road with traffic) and in flocks of different sizes. 
The birds which used the left eye to monitor the road were at shorter distances 
to the road than the birds which used the right eye. The tendency to monitor the 
road with the right eye decreased with increasing flock size. Trade-offs between 
feeding, social and vigilant behaviour could explain these tendencies.
Keywords: vigilant behaviour, antipredator behaviour, social behavior, sensory 
lateralization, visual lateralization, white-fronted goose, disturbance, hunting, 
flight initiation distance, lateral bias.
Introduction
The dominance of one brain hemisphere in the implementation of any function can 
be manifested in animal behaviour in the form of one-sided preferences, for example, 
preference to inspect a stimulus with one eye. For the last several decades, the mani-
festation of asymmetric brain functioning in sensory perception of various stimu-
li — sensory lateralization — has been found in a diverse range of animal behaviours 
(Rogers et al., 2013). The contribution of lateralization to biological fitness is one of 
the key questions in this field (Rogers, 2000; Frasnelli and Vallortigara, 2018). Many 
studies, therefore, have focused on lateralized behaviours associated with detection 
of predators or other threats, which is a fundamental mechanism of individual sur-
vival. Antipredator behaviour has been studied in a wide variety of species ranging 
from invertebrates to fish, mammals, and birds (De Santi et al., 2001; Rogers, 2002; 
Schnell et al., 2016; Romano et al., 2017). The right brain hemisphere and the left eye 
have been found to be responsible for vigilant behaviour in many species (Rogers 
and Kaplan, 2005; Martín et al., 2010; Austin and Rogers, 2012; Bonati et al., 2013). 
However, some studies on animals in the wild failed to confirm the consistent use 
of the left eye to monitor predators (Franklin and Lima, 2001; Randler, 2005; Beau-
champ, 2013). It was hypothesized that consistent one-sided behavioural bias would 
make prey species predictable for predators; therefore, the presence of predators in 
nature has to be monitored by both the left and right sensory organs (Blumstein et 
al., 2018). Nevertheless, sensory lateralization in antipredator behaviour can occur 
in other ways, for example, in the lateral biases in flight initiation distance, latency 
of the escape response, and intensity of alarm calls (Nottebohm, 1972; Rogers and 
Kaplan, 2005; Blumstein et al. 2018). In this case, sensory lateralization at different 
distances to the threat also could be the subject of the study.
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In the majority of previous studies, lateralization 
of antipredator behaviour was assessed using animals 
tested or observed individually (Lippolis et al., 2005; 
Randler, 2005; Austin and Rogers, 2012). However, in 
a social setting, predator evasion requires social coordi-
nation and a uniform pattern of movement. In a shoal, 
flock, or herd, the consistent movement of conspecifics 
is necessary to increase the efficiency of predator avoid-
ance, e.g., it helps to avoid collision of groupmates when 
moving away from the predator (Robins et al., 2018). 
Sensory lateralization is known to be manifested in the 
coordinated behaviour of individuals in a group, e.g., in 
cetaceans (reviewed in MacNeilage, 2013). That is, an 
aggregation of individuals can also be the object of study 
of lateralized behaviour. For example, lateralized group 
behaviour has been investigated in domestic reindeer 
(Rangifer tarandus) (Espmark and Kinderev, 2002). Vig-
ilant behaviour of the group of animals and the effect of 
the group size on it could be studied in birds with social 
behaviour, for example, on geese.
Predator avoidance is essential for survival and 
affects population size (Begon et al., 1996). As anthro-
pogenic disturbance affects the birds’ behaviour and 
food accessibility near the source of disturbance, it can 
also affect population size (Bellebaum and Krucken-
berg, 2009). Research on this issue may be necessary 
for the management of populations of threatened spe-
cies or species that are subject to significant human 
impact such as hunting pressure (Boutin, 1992; Mad-
sen et al., 1999; Zöckler et al., 2010). In this regard, the 
white-fronted goose (Anser albifrons) was chosen as the 
subject of our study. It is one of the essential hunting 
goose species in Europe (Fox and Leafloor, 2018). In 
most countries, goose hunting is allowed only during 
autumn migration or in winter, but spring hunting is 
allowed in Russia. During migration stopovers, geese 
must replenish energy reserves to continue migration. 
Many goose species also use energy reserves from mi-
gration stops for breeding in the Arctic (Jefferies and 
Drent, 2006). Hunting during spring migration affects 
the population not only through additional mortal-
ity but also indirectly by changing the behaviour of 
the birds (Kruckenberg et al., 2008). Disturbance dur-
ing migration stops reduces feeding intensity as birds 
spend more time on alert (Riddington et al., 1996). De-
terioration of feeding conditions during migration af-
fects the reproductive success of individuals, which may 
lead to population decline (Mainguy et al., 2002; Feret 
et al., 2005). Disturbance can have an impact on the 
distance at which birds stay away from the danger. Ex-
clusion zones may appear around the source of the dis-
turbance. Even if feeding conditions are favourable in 
these areas, birds are unable to take advantage of them 
(Kruckenberg et al., 2008; Bellebaum and Kruckenberg, 
2009). 
Our study thus focused on the behaviour of white-
fronted geese during the spring migration stopover. Vi-
sual lateralization in flocks at different distances to the 
source of anthropogenic disturbance and in flocks of dif-
ferent sizes was investigated.
Methods
Subjects and data collection
Observations of geese behaviour were made at one of the 
well-known spring migration stopovers near the village 
Aleksala, Olonets Region, Karelia, Russia. Tens of thou-
sands of geese stay on the fields for several weeks in April 
and May during their spring migration to the breeding 
grounds in the Russian Arctic (Zimin et al., 2007). At 
this time, birds intensively feed on fodder crops, replen-
ishing energy reserves to continue migration. In Russia, 
spring hunting is open during the geese migration, and 
birds are faced with intense hunting pressure in this pe-
riod. To save the migration stopover, a protected area 
(Game Resting Area) was organized in the region, but 
the area of this reserve is small (5000 ha) and hunting 
is allowed in the surroundings (Zimin et al., 2007). The 
protected area is crossed by an intercity road with me-
dium traffic intensity. During the stopover birds always 
keep a distance from roads, which seem to be their main 
disturbing factor. 
Three species of geese stay in the area during migra-
tion in huge numbers. These are the white-fronted goose 
(Anser albifrons), bean goose (A. fabalis) and barnacle 
goose (Branta leucopsis). Birds stay in single-species 
or mixed flocks. Our study focused on the behaviour 
of the white-fronted goose because this species is the 
most numerous during the hunting season and the peak 
of migration (Zimin et al., 2007). For data collection, 
the flocks where white-fronted geese dominated (the 
proportion of white-fronted geese was more than two-
thirds of the total number of birds) were used. 
Birds on the field may feed, rest, sleep, or be on alert 
(Zimin et al., 2007). The data were scored on the flocks 
with feeding birds only. Feeding behaviour was found to 
be the most common type of behaviour during migra-
tion stopover. Flocks feeding on the fields were observed 
28 April–12 May 2019 during the peak of migration and 
the hunting season at the Game Resting Area.
The observations and photography were conducted 
from the country road crossing the fields. The observer 
approached the nearest point to the flock. Behaviour ob-
servations and distance measurements were only made 
if the observer’s approach to the nearest point on the 
road did not change the behaviour of the geese. If birds 
were alert, stopped feeding or left the feeding place, no 
measurements were made. The distance from the clos-
est bird to the road was measured by the size in pixels 
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of the closest bird in the photo. The photo was taken 
from the road from the closest position to the flock. The 
real size from the breast to the tail was measured on the 
stuffed white-fronted goose from the collection of the 
Department of Vertebrate Zoology, St. Petersburg State 
University, and was equal to 0.48 m. The distance to the 
bird was calculated by triangle similarity and according 
to the following formula:
d = (0.3*(0.48 + H))/H 
H = n*0.01/2079
where n — number of pixels in the photo; 0.3 m — focal 
length of the lens; 2079 pixels/cm — camera matrix size; 
0.48 m — linear goose size
The observer photographed the whole flock and 
made sure not to take photos of the same birds. The 
number of birds oriented with their left and right side, 
tail, and chest towards the road was calculated on the 
photos. The flock was classified as Left if two conditions 
were met simultaneously:
a) The number of the birds oriented with their left eye 
to the road was twice (or more) as big as the number 
of the birds oriented with their right eye to the road;
b) The left-sided position was observed in more than 
50 % of all birds, including the birds oriented with their 
left and right side, tail, and chest towards the road.
Thus, the flock was classified as Left if both:
Left / Right > 2 and Left > Right + Tail + Chest.
In a similar way, the Right flocks were classified if:
Right / Left > 2 and Right > Left + Tail + Chest.
The remaining flocks were categorized as Different.
The approximate number of birds in the flock was 
also calculated to analyze the influence of the flock size 
on the group one-sided bias. The observer counted the 
number of birds in the flock watching the birds through 
binoculars from the road. 
Since wind direction could influence the position 
of the birds because they prefer to start flight against the 
wind (Videler, 2005), wind direction relative to the birds’ 
position was defined for every flock observation. 
An average of 16,000 white-fronted geese were ob-
served daily in the study area, which corresponds with 
typical numbers for this stopover (Zimin et al., 2007). The 
size and composition of the flocks varied considerably. 
Some birds joined the flocks, while some birds left the 
flocks. Moreover, during the day, birds moved to differ-
ent fields. Given these factors, each observation was car-
ried out for a single flock with a unique composition of 
individuals. During the day, the single flock was observed 
only at one observation point. The fields similar in size, 
Fig. 1. White-fronted geese feeding in the field.














location and orientation to the road were selected for the 
observations. In total, 88  feeding flocks with the domi-
nance of white-fronted geese were observed (Fig. 1).
Statistical analysis 
The X2 observed vs expected test was used to analyze wind 
directions and the direction of eye use across the group. 
Linear regression analysis was used to determine an as-
sociation between the distance to the road and the size of 
the flock. The differences of the distances from the road 
and the flock sizes for the flocks oriented with left, right 
eyes or in different directions to the road were analyzed 
with the Mann-Whitney U test, Kruskal-Wallis test, and 
Dunn’s post hoc tests. The influence of the distance to the 
road as well as flock size on one-eye use was also analyzed 
using the logistic regression model. For this test, flocks 
were assigned into four categories (1–10, 11–50, 51–100 
and 100+ birds). The analyses were conducted using STA-
TISTICA 7 and the JASP Statistical Analysis (ver. 0.9.0.1; 
https://jasp-stats.org/). All tests were two-tailed, and the 
significance level was set at p < 0.05. 
Results
The distances from the flocks to the road varied from 
32  to 830  m, median [95 %CI] 139m [115  to 162], 
and the flock size varied from 2 to 1400 birds, median 
32 [20 to 60]. Linear regression analysis failed to reveal 
a significant association between the distance to the 
road and the size of the flock (R2 = 0.00687, ANOVA: 
F(1.86) = 0.596, p = 0.442) (Fig. 2)
In the majority of flocks (69 out of 88), most indi-
viduals exhibited the same direction of eye use across 
the group (X2 = 28.41, df = 1, p < 0.001). Birds in 41 flocks 
were oriented with their left eyes to the road, and birds 
in 28  flocks were oriented with their right eyes to the 
road. In 19 flocks, birds had different orientations to the 
road. This distribution differs significantly from those 
expected by chance (L 25 %, R 25 %, N 50 %; X2 = 32.25, 
df = 2, p < 0.001). However, there was no significant bias 
to monitor the road with the left or right eye (X2 = 2.50, 
df = 1, p = 0.113). 
The distance to the road had a significant influ-
ence on the orientation of geese in the flock (Left, Right 
and Different) (Kruskal-Wallis test: H = 9.06, p = 0.011, 
N = 88). Dunn’s post hoc tests showed that the flocks 
which used the right eye to observe the road and the 
flocks with birds oriented in different directions were 
at greater distances to the road than the flocks which 
used the left eye (p < 0.05). No difference was found 
between the flocks with birds oriented in different 
directions and the flocks which used the right eye 
(Dunn’s test: p > 0.05). The median distance [95 %CI] 
for the flocks with the birds observing the road with 
the left eye was 115  m [86  to 143]; right eye—149  m 
[114 to 238]; and for the flocks with birds oriented dif-
ferently  — 175  m [98  to 270] (Fig.  3, Supplementary 
Data Set1).
The number of birds did not significantly differ in 
flocks with birds oriented with their left eyes to the road, 
1 Supplemental material to the article is available at 
https://biocomm.spbu.ru/article/view/6840
Fig. 2. Linear regression analysis with the distances from the flocks to the road (m) and flock sizes 
(individuals).
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in flocks with birds oriented with their right eyes to the 
road, and flocks with birds having different orientations 
to the road (Kruskal-Wallis test: H = 3.55, p = 0.170, 
N = 88) (Fig. 4). The median [95 %CI] flock size for the 
flocks with the birds observing the road with the left eye 
was 50 individuals [20 to 120]; right eye — 15 individu-
als [6 to 60]; and for the flocks with birds oriented differ-
ently — 25 individuals [15 to 200]. 
We further used logistic regression to examine the 
contribution of the distance to the road and flock size 
variables to the birds’ Left/Right orientation in flocks. 
The full model was significant (Χ² = 15.52, p < 0.001). 
The flocks of geese which were at greater distances to 
the road tended to use the right eye (p < 0.05; Fig. 5a), 
and the tendency to monitor the road with the right eye 
decreased with increasing flock size (p < 0.05; Fig. 5b).
Fig. 3. Distances to the road (median, 95 %CI, m) for the 
flocks with left, right or different orientation of the birds 
to the road.
Fig. 4. Flock sizes (median, 95 %CI, individuals) for the 
flocks with left, right or different orientation of the birds 
to the road.
Fig. 5. Logistic regression model with eye use as dependent variable and distance to the road (a) and flock size (b) as covariates. Probability 
of right-eye use is coded as class 1, left is coded as class 0; the grey shadow indicates 95 % CI. The distance was calculated in meters from the 
observer to the nearest bird in the flock. Flocks of different size were divided into four categories (see Methods).














As birds prefer to start flight against the wind, we 
analyzed the association between wind direction and 
birds’ position, distance to the road, and flock size. In 
calm weather, 20 flocks were oriented with their left eyes 
to the road, 9 flocks were oriented with their right eyes 
to the road, and 6 flocks had different orientation. For 
windy weather, we analyzed the orientation of the flocks 
to the road according to the wind direction. As wind 
direction was fixed according to the flock, we analyzed 
only the flocks where the majority of the birds had the 
same position. In windy weather, there was no signifi-
cant bias to monitor the road with the left or right eye 
(X2 = 0.46, df = 3, p < 0.93) (Fig. 6). With rightward wind 
direction, four flocks were oriented to the road with their 
left eyes; three were oriented to the road with their right 
eyes. With leftward wind direction, nine flocks were ori-
ented to the road with their left eyes; eight were oriented 
to the road with their right eyes. With frontward wind 
direction, six flocks were oriented to the road with their 
left eyes, and six were oriented to the road with their 
right eyes. With tailward wind direction, two flocks were 
oriented to the road with their left eyes, and two were 
oriented to the road with their right eyes.
To see whether wind direction affects eye use, five 
groups with different wind direction were analyzed as 
separate groups (Table 1, 2). Almost as in all groups, the 
same tendencies as for the total sample were observed, 
but the differences were not significant as the sample 
sizes were too small.
Discussion
Observations of solitary individuals are necessary to 
study lateralization at the individual or population level. 
Such studies are quite numerous (Rogers et al., 2013). 
However, the impact of the group on animal orientation 
is quite strong, because population lateralization may 
have been developed in relation to the need to maintain 
coordination among individuals in behaviours associ-
ated with social life (Rogers, 1989; Bisazza et al., 2000). 
In our study, individuals in most flocks were oriented 
in one direction, and only in some flocks, the distribu-
tion of birds was random. The design of our study allows 
us to conclude lateralization bias at the level of social 
groups. At the same time, we cannot interpret our results 
at the individual or population level.
Left-eye preference has been found in the vigilance 
behaviour of many animal species (Rogers and Kaplan, 
2005; Martín et al., 2010; Schnell et al., 2016). However, 
in our study in white-fronted geese, one-side bias for 
monitoring a source of disturbance was not revealed. 
There may be several reasons for that. 
While our results are not in line with a common pat-
tern, they are not exceptional. Lateralization of vigilance 
can differ even between closely related species, as shown, 
for example, in the three species of emberizid sparrows 
(Franklin and Lima, 2001). In some species, vigilance 
behaviour evokes a right-eye bias (Franklin and Lima, 
2001; Chivers et al., 2016; Romano et al., 2017) or no 
Fig. 6. Number of flocks with the birds oriented to the road with their left or right eyes in different wind condi-
tions.
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bias at all (Franklin and Lima, 2001; Beauchamp, 2013; 
Blumstein et al., 2018). 
There may be some other explanations of the ab-
sence of lateral bias in geese vigilance. Social interac-
tions could be very intensive in birds feeding in flocks. 
Many aspects of social behaviour are known to be pre-
dominantly controlled by the right hemisphere (left eye) 
(Rogers and Kaplan, 2005). A trade-off between social 
and vigilant behaviour in flocks can presumably hinder 
left eye bias for monitoring the source of disturbance. 
For example, the bias towards left-eye use for monitor-
ing conspecifics may balance the left-eye bias for vigi-
lance in birds in feeding flocks. The absence of the sig-
nificant bias in our study may be a result of the mixture 
of two lateralized functions in the observed behaviour of 
geese, rather than a true absence of lateralization.
Another behavioural trade-off may also affect lat-
eralization of vigilance. The right hemisphere is also 
known to control novelty detection (noticing small dif-
ferences between stimuli) (Rogers and Kaplan, 2005), 
and it helps animals to feed efficiently. Guy Beauchamp 
(2013)  found that semipalmated sandpipers (Calidris 
pusilla) observing the feeding ground with their left eye 
and facing the riskier side of the habitat with their right 
eye captured significantly more prey than other birds. If 
the competition for food is high or the search for food 
is complicated, and the level of danger is low, it is more 
beneficial for the animals to use the left eye for feeding. 
In species with a high feeding rate such as geese, feeding 
and vigilance trade-offs are rather complicated (Randler, 
2005). 
It is also hypothesized that individuals who are too 
predictable in their response to predators could have re-
duced survival success (Rogers, 2000). Based on this, a 
selection for somewhat unpredictable responses can be 
expected (Blumstein et al., 2018). The absence of left-eye 
preference in observing the threat could be an adaptive 
antipredator behaviour in this case, but left-eye bias in 
vigilant behaviour may be revealed in another way. The 
better detection and recognition of potential threats by 
the right hemisphere (Rogers, 2010) may explain why 
the geese which were closer to the road were more prone 
Table	1.	Distance	to	the	road	(m)	for	the	flocks	with	the	birds	observing	the	road	with	the	left,	right	eye	and	for	the	flocks	
with	birds	oriented	differently	with	right,	left,	front	and	tail	wind	direction	to	the	birds	and	in	calm	weather
Wind direction to  
the birds
The orientation of the birds to the road
Left Right Different
Calm
Median 133 171 197
Kruskal-Wallis test:  
H = 4.82, p = 0.09, N = 35
Min 40 73 37
Max 294 416 405
N 20 9 6
Left wind
Median 53 193
Mann-Whitney U test:  






Mann-Whitney U test:  





Median 127 134 98
Kruskal-Wallis test:  
H = 0.03, p = 0.87, N = 15
Min 93 50 56
Max 219 322 181
N 6 6 3
Tail wind
Median 96 99
Mann-Whitney U test:  


















to use the left eye, implicating the right hemisphere. It 
is plausible that birds in close proximity to the danger 
should make more effort to protect themselves than 
birds far from the danger.
Most vertebrates seem to show a similar lateraliza-
tion pattern for emotional processing, with right-hemi-
sphere dominance for processing negatively connotated 
emotions, such as fear and aggression, and left-hemi-
sphere dominance for processing positively connotated 
emotions (Leliveld et al., 2013). The responses elicited by 
stimuli on the animal’s left side are more likely to be as-
sociated with fear than are responses to the same stimuli 
on the animal’s right side (Rogers, 2017). In bird spe-
cies, alert inspection associated with high levels of fear 
has also been shown to be controlled by the right hemi-
sphere function (Koboroff et al., 2009). Roads and traf-
fic significantly affect animals’ mortality and behaviour 
(Legagneux and Ducatez, 2013). Birds in the vicinity of 
the road could be more vigilant and stressed, while fur-
ther away from the road birds can feed more and be less 
vigilant. Thus, the enhanced stress and fear at closer dis-
tances to the road may elicit in geese the enhanced use of 
the left eye for monitoring the source of the disturbance.
The relationship between lateralized behaviour and 
the distance to danger can be studied using the flight ini-
tiation distance (FID), the distance between a predator 
and its prey at which the prey initiates flight (Cooper 
and Blumstein, 2015). This is one of the standard meth-
ods of studying vigilant behaviour. The results of stud-
ies considering both FID and lateralization of vigilance 
are inconsistent. In experiments with the Balearic lizard 
(Podarcis lilfordi, Lacertidae), the side of the approach 
did not affect flight initiation distance (Cooper and 
Pérez-Mellado, 2011). In contrast, yellow-bellied mar-
mots (Marmota flaviventer) that looked at the approach-
ing person with their left eye had larger FIDs, implicat-
ing that risk assessment was influenced by the eye used 
to monitor the threat (Blumstein et al., 2018). When re-
sponding to the approach of an unfamiliar, masked hu-
man, cattle were more likely to remove themselves from 
the potential threat viewed within the left and not right 
visual field (Robins et al., 2018). Future studies may ex-
Table	2.	Flock	size	(individuals)	for	the	flocks	with	the	birds	observing	the	road	with	the	left,	right	eye	and	for	the	flocks	with	
birds	oriented	differently	with	the	right,	left,	front	and	tail	wind	direction	to	the	birds	and	in	calm	weather.
Wind direction to  
the birds
The orientation of the birds to the road
Left Right Different
Calm
Median 50 23 28
Kruskal-Wallis test:  
H = 0.25, p = 0.62, N = 35
Min 2 5 6
Max 600 450 200
N 20 9 6
Left wind
Median 70 7
Mann-Whitney U test:  






Mann-Whitney U test:  





Median 250 33 800
Kruskal-Wallis test:  
H = 3.12, p = 0.08, N = 15
Min 3 2 8
Max 500 150 950
N 6 6 3
Tail wind
Median 250 19
Mann-Whitney U test:  
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amine the link between visual lateralization and flight 
response in goose flocks. However, ethical concerns re-
garding the disturbance of birds which are already under 
significant hunting pressure may limit research oppor-
tunities in our study area. In this case, the measurement 
of the distances to the threat was an alternative to the 
FID in our study.
Group size has been repeatedly shown to affect flight 
initiation distance in various species (Dill and Ydenberg, 
1987; Braimoh et al., 2018). In our study, the size of the 
flock did not depend on the distance to the road. The 
Kruskal-Wallis test also did not reveal significant differ-
ences in flock sizes with birds oriented with their left or 
right eyes to the road. Nevertheless, the logistic regres-
sion confirmed that the size of the flock influenced the 
visual bias — the more birds were in the flock, the higher 
was the tendency to use the left eye for monitoring the 
road. The more consistent visual bias in larger groups 
may be a result of the interplay between behavioural 
lateralization and social pressures, widely discussed in 
recent theoretical and empirical studies (reviewed in 
Frasnelli and Vallortigara, 2018). It is hypothesized that 
synergistic (cooperative) interactions in social animals 
serve as a driving force for the establishment and main-
tenance of population-level lateralization (Ghirlanda et 
al., 2009). The increased need for cooperation in larger 
flocks may be associated with more consistent use of the 
left eye for monitoring the source of the disturbance.
Since birds prefer to start flight against the wind 
(Videler, 2005), the wind direction could impact the 
positional preferences of birds, especially when vigi-
lant. However, in our study, the absence of lateral bias 
in geese vigilance was observed irrespective of the wind 
direction. We assume that the visual monitoring of the 
road was more influential for the birds’ positional pref-
erences than the wind direction. 
In our study, white-fronted geese did not exhibit one-
side bias for monitoring a threat, but lateralization of vigi-
lance was manifested in other ways, such as the effect of 
the group size and distance to the threat on the one-side 
bias of vigilant behaviour. Reasons may include adaptive 
antipredator behaviour, enhanced stress and trade-offs 
between social, feeding and vigilant behaviour.
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